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ABSTRACT : PROBLEM TO BE SOLVED: To provide a natural gas reforming internal combustion 
engine absorbing carton dioxide contained in exhaust by carbon dioxide absorbent, 
recovering the carbon dioxide gas by heating the carbon dioxide absorbent, and using a 
substance formed by reacting the carton dioxide with methane gas, or a major fuel, as the 
fuel. 

SOLUTION: A reformer 43 is disposed in an exhaust path of an engine 2, a carbon dioxide 
recovery device 27 is disposed in the downstream of the reformer 43, mixed gas between 
the carbon dioxide from the carbon dioxide recovery device 27 with the natural gas 
(methane gas) is introduced to the reformer 43 via a reforming gas heat exchanger 43a, 
and the reformed gas reformed by the reformer 43 is fed to the engine 2 via the reformed 
gas heat exchanger 43a. The carbon dioxide recovery device 27 comprises a vessel 27a 
filled with the carbon dioxide absorbent 67, a cooler 26 cooling the exhaust to be 
introduced to the vessel 27a, and a heater 43b heating the carbon dioxide to be 
introduced to the vessel 27a by the exhaust. 
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(54) NATURAL GAS REFORMING INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a natural gas reforming 
internal combustion engine absorbing carbon dioxide contained in 
exhaust by carbon dioxide absorbent, recovering the carbon dioxide f; 
gas by heating the carbon dioxide absorbent, and using a substance 
formed by reacting the carbon dioxide with methane gas, or a major 
fuel, as the fuel. 

SOLUTION: A reformer 43 is disposed in an exhaust path of an 
engine 2, a carbon dioxide recovery device 27 is disposed in the 
downstream of the reformer 43, mixed gas between the carbon 
dioxide from the carbon dioxide recovery device 27 with the natural 
gas (methane gas) is introduced to the reformer 43 via a reforming 
gas heat exchanger 43a, and the reformed gas reformed by the 
reformer 43 is fed to the engine 2 via the reformed gas heat 
exchanger 43a. The carbon dioxide recovery device 27 comprises a 
vessel 27a filled with the carbon dioxide absorbent 67, a cooler 26 
cooling the exhaust to be introduced to the vessel 27a, and a 
heater 43b heating the carbon dioxide to be introduced to the 
vessel 27a by the exhaust. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] Arrange a reformer in an engine's exhaust air path, and a carbon-dioxide-gas recovery system is 
arranged in the lower stream of a river of said reformer. The mixed gas of the carbon dioxide gas from said 
carbon-dioxide-gas recovery system and natural gas (methane) is led to said reformer through the heat 
exchanger for reformed gas. In the natural gas reforming internal combustion engine which supplies the 
reformed gas by which reforming was carried out to an engine through said heat exchanger for reformed gas by 
said reformer Said carbon-dioxide-gas recovery system is a natural gas reforming internal combustion engine 
characterized by consisting of a container filled up with the carbon dioxide absorbent, a condensator which 
cools the exhaust air introduced to said container, and a heater which heats the carbon dioxide gas introduced to 
said container with exhaust air. 

[Claim 2] The natural gas reforming internal combustion engine according to claim 1 which prepared the 
change-over valve which switches installation of exhaust air, and discharge of carbon dioxide gas to said 
container filled up with the carbon dioxide absorbent by turns. 

[Claim 3] The carbon dioxide absorbent with which said container is filled up is a natural gas reforming internal 
combustion engine given in claims 1 and 2 which are either of adsorbents, such as activated carbon and a 
zeolite, alkaline-earth-metal oxides, such as a magnesium oxide (MgO) and a calcium oxide (CaO), and rare 
earth oxides, such as cerium oxide (Ce02). 

[Claim 4] Said container is a natural gas reforming internal combustion engine possessing the attachment 
component holding carbon dioxide absorbents, such as fiber and a honeycomb structure object, according to 
claim 1 to 3. 

[Claim 5] He is the natural gas reforming internal combustion engine according to claim 1 to 4 which is the 
fiber and/or the honeycomb structure object of the ceramics with which the catalyst with which said reformer is 
filled up consists of mixture of eight groups of the periodic table of an element, lb group, and/or a rare earth 
oxide, and the support of a catalyst has the particle layer of the ceramics on a front face. 
[Claim 6] The natural gas reforming internal combustion engine according to claim 1 to 5 which supplies a 
carbon-dioxide-gas recovery system after arranging a steam turbine and/or a steam turbine generator in an 
exhaust air path from said reformer and cooling the exhaust air from said reformer with said steam turbine or 
steam turbine generator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the natural gas reforming internal combustion engine which 
uses as a fuel the reformed gas which the natural gas which uses methane as a principal component, and the 
carbon dioxide gas contained in exhaust air were made to react, and raised the heating value. 
[0002] 

[Description of the Prior Art] In recent years, the natural gas and carbon dioxide gas (C02) which use methane 
as a principal component are made to react, it reforms to the mixed gas of a hydrogen and a carbon monoxide 
(CO) with high calorific value, and to raise fuel consumption is tried. 

[0003] Problems, like as an approach of separating carbon dioxide gas (C02) from an engine's exhaust air, 
although there are an adsorption process, a membrane-separation method, a chemical reaction separation 
method, etc., and carbon dioxide gas (C02) is separated, much energy's being the need and a separation rate are 
slow are ******. Moreover, in order to collect carbon dioxide gas (C02) with an adsorption process, it is 
necessary to decompress the container with which it filled up with the carbon dioxide absorbent using the 
vacuum pump. Moreover, since heat conduction from a heating element to a carbon dioxide absorbent is not 
good when making carbon dioxide gas (C02) emit with heating of a carbon dioxide absorbent and collecting, 
heating of a carbon dioxide absorbent takes time amount. 
[0004] 

[Problem(s) to be Solved by the Invention] It is in offering the natural gas reforming internal combustion engine 
which the technical problem of this invention absorbs the carbon dioxide gas contained in exhaust air with a 
carbon dioxide absorbent in view of an above-mentioned problem, and subsequently heats a carbon dioxide 
absorbent, collects carbon dioxide gas, and uses as a fuel the thing to which this carbon dioxide gas and the 
methane which is a main fuel were made to react. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the configuration of 
this invention arranges a reformer in an engine's exhaust air path. Arrange a carbon-dioxide-gas recovery 
system in the lower stream of a river of said reformer, and the mixed gas of the carbon dioxide gas from said 
carbon-dioxide-gas recovery system and natural gas (methane) is led to said reformer through the heat 
exchanger for reformed gas. In the natural gas reforming internal combustion engine which supplies the 
reformed gas by which reforming was carried out to an engine through said heat exchanger for reformed gas by 
said reformer It is characterized by said carbon-dioxide-gas recovery system consisting of a container filled up 
with the carbon dioxide absorbent, a condensator which cools the exhaust air introduced to said container, and a 
heater which heats the carbon dioxide gas introduced to said container with exhaust air. 
[0006] 

[Embodiment of the Invention] In this invention, carbon dioxide gas is collected from exhaust air as a carbon- 
dioxide-gas recovery system for a short time using the heat of exhaust air, without using a vacuum pump. A 
carbon dioxide absorbent is heated and carbon dioxide gas is made to emit by letting the carbon dioxide gas 
heated with exhaust air heat pass to the carbon dioxide absorbent of a carbon-dioxide-gas recovery system. That 
is, a carbon dioxide absorbent is made to absorb the carbon dioxide gas contained in exhaust air by letting the 
exhaust air cooled by the heat exchanger pass to the container with which it filled up with the carbon dioxide 
absorbent. Subsequently, a carbon dioxide absorbent is heated and carbon dioxide gas is made to emit by letting 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/3/2005 
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the carbon dioxide gas heated with exhaust air heat pass to the carbon dioxide absorbent which absorbed carbon 
dioxide gas. Carbon dioxide gas is collected and it is made to react with methane by repeating the above 
actuation. 
[0007] 

[Example] As shown in drawing 1 , it connects with a combustion chamber 3 through the inhalation-of-air way 
of the cylinder head where the natural gas reforming internal combustion engine 2 by this invention fits a piston 
8 in a cylinder body 6 on, and has a combustion chamber 3 divided by the piston 8 bottom on, and an inlet pipe 
21 closes the upper limit of a cylinder body 6, and a combustion chamber 3 is connected to an exhaust pipe 20 
through the exhaust air way of the cylinder head. Intermediary **** [ as ] which an inlet valve is arranged in the 
inhalation-of-air way of the cylinder head, and an exhaust valve is arranged in an exhaust air way, respectively, 
and is opened and closed by the cam mechanism. The upper limit of a connecting rod 9 is connected with a 
piston 8 by the pin 7. The lower limit of a connecting rod 9 is connected with the arm of a crankshaft 12 and 
one by the pin 10. 

[0008] Although the internal combustion engine 2 of illustration is an internal combustion engine the jump- 
spark-ignition type of about four lines, this invention of about two lines is applicable also to an internal 
combustion engine. A fuel is injected from a fuel feeding pipe 46 by the fuel pump 45 to a combustion chamber 
3. The reformer 43 which performs reforming of natural gas (mainly methane) using exhaust air heat is 
connected in the middle of an exhaust pipe 20. An exhaust pipe 20 is connected to the inlet port of the exhaust 
air turbosupercharger 22 through a reformer 43. The outlet pipe 23 of the exhaust air turbosupercharger 22 is 
connected to the inlet port of the recovery turbine 24. Exhaust air of the outlet pipe 25 of the recovery turbine 
24 is emitted to the exterior through a heat exchanger 26 and the carbon-dioxide-gas recovery system 27. 
Intermediary **** [ as ] which the change-over valve 48 mentioned later is connected to the carbon-dioxide-gas 
recovery system 27, and performs by turns the process which absorbs carbon dioxide gas from exhaust air to the 
carbon dioxide absorbent 67 held in the interior of container 27a, and the process which heats a carbon dioxide 
absorbent 67, is made to emit carbon dioxide gas, and is sent to a reformer 43 through tubing 33 by change 
actuation of a change-over valve 48. A change-over valve 48 is shown to drawing 3 by six closing motion 
valves 48a-48f. Two or more desirable air compressor 22a and Blowers 22b and 22c are connected with the 
exhaust air turbosupercharger 22, and exterior air is supplied to a combustion chamber 3 by air compressor 22a 
through an inlet pipe 21 . 

[0009] The natural gas of a fuel tank 41 is supplied to a reformer 43 through tubing 42, and natural gas reacts 
with carbon dioxide gas by the reformer 43, and it considers as reformed gas (mixed gas of hydrogen (H2) and a 
carbon monoxide (CO)), and is injected through a fuel feeding pipe 46 to a combustion chamber 3 by the fuel 
pump 45. A steam turbine (or steam turbine generator) is connected with the recovery turbine 24, it is liquefied 
with a condenser 31 through an outlet pipe 30, and the steam which came out of the steam turbine serves as 
water, and subsequently, after water is evaporated by the heat exchanger 26 through tubing 30a and cools the 
exhaust air from an outlet pipe 25, it is sent to a steam turbine through tubing 29. The exhaust air cooled by the 
heat exchanger 26 goes into carbon dioxide scrubber 27, and has carbon dioxide gas contained in exhaust air 
with a carbon dioxide absorbent 67 absorbed. When carbon dioxide gas is filled by the carbon dioxide 
absorbent 67, switch a change-over valve 48, and heat a carbon dioxide absorbent 67, carbon dioxide gas is 
made to emit, and it sends to a reformer 43 through tubing 33. 

[0010] As shown in drawing 2 and 3, the exhaust air from an engine 2 is sent to a reformer 43, and heats the 
methane from heat exchanger 43a further. The exhaust air which came out of the reformer 43 is sent to the 
carbon-dioxide-gas recovery system 27 through the exhaust air turbosupercharger 22, the recovery turbine 24, 
and a heat exchanger 26. The methane (CH4) as natural gas from a fuel tank 41 and mixed gas with the carbon 
dioxide gas (C02) collected with the carbon-dioxide-gas recovery system 27 are heated by heat exchanger 43a 
for reformed gas. Subsequently, mixed gas is led to a reformer 43, and after cooling the mixed gas which 
reformed by performing reforming by heat exchanger 43a for reformed gas, an engine 2 is supplied as a fuel. 
[001 1] Activated carbon is made to absorb the carbon dioxide gas contained in delivery and exhaust air to 
container with which it filled up with activated carbon as carbon dioxide absorbent 67 through 48f of closing 
motion valves after cooling exhaust air by heat exchange with exterior air which flows through to heat 
exchanger 26 by blower 22c in carbon-dioxide-gas recovery system 27 when each closing motion valvesa 
[ 48 ]-48f are in condition of **, as [ shown in drawing 3 ], and 27a. At this time, the exhaust air (mainly 
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nitrogen gas) removed in carbon dioxide gas is emitted to the exterior through closing motion valve 48a. 
Subsequently, the carbon dioxide gas from carbonic acid gas holder 27b is heated by heat exchanger 43b which 
makes exhaust air heat a heat source. A change-over valve 48 is switched to the condition of **, the activated 
carbon which absorbed delivery and carbon dioxide gas for the carbon dioxide gas heated by heat exchanger 
43b to container 27a by blower 22b is heated, and carbon dioxide gas is made to emit. A part of carbon dioxide 
gas is accumulated to carbonic acid gas holder 27b through closing motion valve 48a, and the remainder of 
carbon dioxide gas is sent to heat exchanger 43 a for reformed gas through closing motion valve 48b. 
[0012] The heating value which needs a heating value required to heat the activated carbon of container 27a 
from the temperature of 1 50 degrees C to 300 degrees C for the desorption of 25kW and carbon dioxide gas is 
5kW, a heating value required for recovery of carbon dioxide gas is 30kW in total, and it is ******. The 
amount of recovery of the carbon dioxide gas per hour is 12 NL/s, and is ******. 

[0013] 900-degree C exhaust air 151 NL/s discharged by the [concrete example 1] engine 2 was led to the 
reformer 43, and the exhaust air discharged from the reformer 43 was led to the carbon-dioxide-gas recovery 
system 27. After letting the mixed gas of the methane (CH4) of 10 NL/s, and the carbon dioxide gas (C02) of 
23 NL/s collected with the carbon-dioxide-gas recovery system 27 pass to heat exchanger 43a for reformed gas 
as natural gas, by leading to a reformer 43, reforming was performed and it led to the engine 2 by using the 
reformed gas as a fuel. 

[0014] Activated carbon was made to absorb the carbon dioxide gas under exhaust air (C02) in the carbon- 
dioxide-gas recovery system 27 by cooling exhaust air of average stream flow 151 NL/s by heat exchange with 
room temperature air using a heat exchanger 26, and letting it pass to container 27a with which activated carbon 
was filled up as a carbon dioxide absorbent 67. Moreover, carbon dioxide gas (C02) was heated with 30kW 
exhaust air heat using heat exchanger 43b. The flow rate of the exhaust air at this time is 151 NL/s, and 
temperature fell to 150 degrees C from 300 degrees C. It let the heated carbon dioxide gas (C02) pass to the 
activated carbon which absorbed carbon dioxide gas (C02), activated carbon was heated, and carbon dioxide 
gas (C02) was made to emit from activated carbon. The heat which heat required to heat activated carbon from 
the temperature of 1 50 degrees C to 300 degrees C needs for the desorption of 25kW and carbon dioxide gas 
(C02) is 5kW (however, the heat of adsorption of carbon dioxide gas 10 kJ/mol), heat required for recovery of 
carbon dioxide gas (C02) is 30kW in total, and it is ******. The amount of average carbon-dioxide-gas 
recovery per hour is 12 NL/s, and is ******. The carbon-dioxide-gas recovery according [ the rate of 
reforming ] to 86% and the carbon-dioxide-gas recovery system 27 when the rate of reforming of natural gas 
was measured is 61%, and the thermal efficiency of 92% and a natural gas reforming engine is ****** 
[0015] As a carbon dioxide absorbent 67 with which [concrete example 2] container 27a is filled up, a zeolite, a 
magnesium oxide (MgO), a calcium oxide (CaO), and cerium oxide (Ce02) are used, and it is ****** about a 
trial. Without using it, the attachment component of a carbon dioxide absorbent 67 carries out container 27a HE 
restoration as it is, and is ****** about a trial. The result is shown in the following table. 
[0016] 

C02 absorbent Zeolite MgO CaO Ce02 C02 recovery of a recovery system 90% 

82% 80% 78% The rate of reforming of natural gas 85% 80% 75% 75% An engine's thermal efficiency 55% 

53% 50% A 49% [concrete example 3] alumina fiber or a honeycomb structure 

object is used as an attachment component of a carbon dioxide absorbent 67, container 27a is filled up, and it is 

****** about a trial. The result is shown in the following table. 

[0017] 

C02 absorbent Zeolite MgO CaO Ce02 The attachment component of an absorbent 

Alumina fiber Alumina fiber Honeycomb structure object Honeycomb structure object C02 recovery of a 
recovery system 92% 84% 82% 80% The rate of reforming of natural gas 86% 82% 78% 78% An engine's 

thermal efficiency 57% 54% 52% 51% The catalyst with which the [concrete 

example 4] reformer 43 is filled up One of the ruthenium (Ru) of eight groups of the periodic table of an 
element, platinum (Pt), and nickel (nickel) Using mixture with the cerium oxide (Ce 203) which is a rare earth 
oxide Or one of eight groups' nickel (nickel), platinum (Pt), and rutheniums (Rh) Mixture with the cerium oxide 
(Ce 203) which is a rare earth oxide is used, the alumina fiber and/or honeycomb structure object which have 
the particle layer of an alumina on a front face as support of a catalyst are used, and it is ****** about a trial. 
The result is shown in the following table. 
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[0018] 

The used catalyst Ru-Pt-nickel nickel-Pt-Rh Ru-Pt-nickel nickel-Pt-Rh And 

support - Ce 203 - Ce 203 - Ce 203 - Ce 203 Support of a catalyst Alumina fiber Alumina fiber Honeycomb 
structure object Honeycomb structure object C02 recovery of a recovery system 85% 83% 82% 80% The rate 

of reforming of natural gas 84% 81% 80% 75% An engine's thermal efficiency 61% 59% 55% 54% 

[0019] 

[Effect of the Invention] As mentioned above, this invention arranges a reformer in an engine's exhaust air path, 
and arranges a carbon-dioxide-gas recovery system in the lower stream of a river of said reformer. The mixed 
gas of the carbon dioxide gas from said carbon-dioxide-gas recovery system and natural gas (methane) is led to 
said reformer through the heat exchanger for reformed gas. In the natural gas reforming internal combustion 
engine which supplies the reformed gas by which reforming was carried out to an engine through said heat 
exchanger for reformed gas by said reformer The container with which said carbon-dioxide-gas recovery system 
was filled up with the carbon dioxide absorbent, and the condensator which cools the exhaust air which 
introduces to said container, It can constitute from a heater which heats the carbon dioxide gas introduced to 
said container with exhaust air, a carbon-dioxide-gas recovery system can recover carbon dioxide gas from 
exhaust air using exhaust air heat, without using a vacuum pump, and a natural gas reforming engine with high 
thermal efficiency is obtained. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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